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Abstract 
Global supply chain becomes complex because of a fast increasing number of dynamic interactions which need to be handled. The 
semiconductor industry is characterized by long product life cycles, highly differentiated products, and non-linearity in the manufacturing 
process; furthermore the semiconductor companies also face a volatile market due to the upstream position in the supply chain of consumer 
electronics which makes the demand from end-customers hard to forecast.  
The purpose of this paper is to analyze the key drivers of supply chain complexity in the semiconductor industry from practical view and to find 
the common ground between them. Several prevalent problems address different aspects of supply chain complexity occurred in daily 
operations were collected from an international semiconductor company, and discussed at an internal workshop with around forty participants 
from supply chain, IT or other business units. For each case the main drivers of complexity were mapped from reality to a conceptual model. 
Possible solutions to manage complexity were brainstormed and structured finally. By gathering all discussion results, these findings can be 
summarized: 
1) Different complexity problems might have the same solution 
2) Human roles, common understanding and communication become very important in complexity management 
3) Trends for complexity management strategies: for current complexity, manage the value-added complexity which is necessary and 
reduce non-value added complexity; avoid future non-value added complexity 
These empirical results also provide evidence for our hypothesis, that complexity can be viewed from these aspects: process, role, object (state) 
and analyzed by their individual attributes which have influences on the system. This PROS approach defines a conceptual model to describe a 
complex system from the theoretical perspective. People get further indications that PROS model is a useful tool to analyze complexity and it 
can help to separate value added from non-value added complexity. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Introduction 
Stephen W. Hawking believes that, the 21st century will 
be the century of complexity [1]. 
The contemporary complexity research in recent years 
has been expanded into many disciplines from complexity 
science to complexity engineering [2]; and the interest in 
complexity management is not only arising from academia, 
but also more and more industrial companies are addressing 
this strategic topic.   
The recent trend of globalization and innovation in the 
business environment has brought in many external and 
internal challenges for modern enterprises, such as the 
volatile and changeable market, large organizations, various 
product portfolios and so on. This change also increases the 
complexity and thus threatens the performance of 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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companies. One seriously affected area is the supply chain, 
which requires managing the “upstream and downstream 
relationships with suppliers and customers in order to 
deliver superior customer value at less cost to supply chain 
as a whole" [3].  
Reports from top consulting firms show that, companies 
can increase their earnings before interest and tax (EBIT) 
by 3 to 5 percent on average through systematic complexity 
management [4]. Therefore, leading companies aim to gain 
their competitive advantages through effective complexity 
management.   
However, how to tackle complexity is not very clear due 
to its “complex” nature.  Especially for those very complex 
supply chains, taking the high-technology semiconductor 
industry for example, it is characterized by long fabrication 
cycle times, highly diverse products and non-linearity in the 
manufacturing processes. Apart from that, its supply chain 
is very sensitive to the macroeconomic environmental 
changes and uncertain market demand. These features bring 
many challenges to cope with and evaluate complexity; and 
practitioners are keen to find a tailored tool to manage 
complexity in the semiconductor industry.  
Hence, this paper analyzes the supply chain complexity 
in the semiconductor industry from a practical viewpoint.  
The empirical research is based on the case studies 
collected from the real world and the preliminary results are 
used to support our hypothesis.  
The paper is organized as follows: in section 2 we 
introduce the basis of complexity theory including a 
conceptual model and the settings of empirical research.  
Section 3 lists several industry cases, for each one we 
analyze their complexity drivers and explore possible 
solutions respectively. Some outcomes are interpreted using 
complexity theory in Section 4. Section 5 concludes the 
results obtained and gives the direction for future research.  
2. Background 
This section introduces some basic theory about 
complexity and one conceptual model of a complex system; 
followed by the background and methodology to conduct 
empirical research.  
2.1. Complexity definition 
To manage complexity, the first step is to have a 
common understanding on the complexity.  
The meaning of complexity varies according to different 
disciplines. However, it is generally known that a complex 
system has numerous members, elements or agents 
interacting with one another and with the environment [5, 
6].   
The drivers of complexity can thus be defined also. For a 
general supply chain its complexity can arise from a number 
of sources: network, process, product, organization, 
information and so on [3]. In the semiconductor supply 
chain, they are reflected as: network complexity (e.g. 
multiple production sites and global distribution centers), 
process complexity (manufacturing and business processes), 
product complexity (e.g. about 10,000 Stock keeping units 
and 500,000 order line item buckets), organizational 
complexity (e.g. many geographic regions with various tax 
and customs regulations), and information complexity (data 
structure and information flow). All of these complexity 
drivers are interlinked. 
More illustrations with examples are given in Section 3.  
2.2. A conceptual model for complex systems 
Based on the complexity drivers mentioned in Section 
2.1, we choose four key drivers and adapt them as the basic 
elements to describe a complex supply chain: process, role 
(organization), object and its states (product and network). 
These four elements and their pre-defined relationships 
compose a conceptual model called PROS [7]. This model 
provides a systematic view of complexity and can be used 
to describe a complex system in a hierarchical way [8].   
We can employ this model to outline the main parts of a 
complex system.  
2.3. The empirical research settings 
From the industrial point of view, cases are easy to 
acquire so we select the case study as our empirical research 
method. This can also be used as the preliminary 
investigation to do further quantitative analysis.  
All cases used in this paper are collected from the 
problems oriented around complexity in an international 
semiconductor company.  
The complete data collection has three stages: the 
selection for topics; the group discussion at a workshop; the 
regular follow-up review sessions. 
The case selection process was done through a survey 
with both questionnaires and interviews.  The target group 
included 68 experts from various fields, such as supply 
chain, IT and different business units and divisions.   
This process is supported by an Intranet survey tool 
called ESSIP1, which is adopted to gather ideas from experts 
and then do statistical analysis. It supports three main 
functions: raise topics by problem owners; allow open 
discussions for users in an interactive way; score the 
importance of the topics.  
In the end 10 prevailing questions with some preliminary 
solutions and proposals were gathered through the ESSIP 
online platform. These topics have covered a wide scope of 
complexity issues including project management, supply 
chain design, performance, and change management.  
We also ranked them according to the overall scores 
from around 40 responders and chose five of them with the 
highest scores to discuss at an internal workshop. A best 
practice example of a Lean Planning project was shared in 
the workshop too. The rest of the topics are reviewed at the 
 
 
1 Exploration and selection of supply chain innovation projects, only for 
internal use 
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follow-up sessions that are organized every month via the 
teleconference with 20-30 attendants from global offices. 
In this paper we mainly focus on the methods and results 
of the internal complexity workshop, which can be used as a 
platform to gather the wisdom from the experienced crowds 
and the best practices sharing in supply chain. Meanwhile, it 
can help people to better understand the complexity; explore 
the drivers of complexity easily and exchange ideas on the 
solutions for complex problems. 
The participants were divided into five groups, each with 
6-9 members worked on one case. We proposed a structured 
guideline for the group discussion: 1) clarify the drivers of 
complexity by following the PROS conceptual model; 2) 
find solutions to manage complexity; 3) reduce the non-
value added complexity. The results can be documented as 
the Mind-map files using a mind mapping tool - XMind2, 
which is a visualization tool to present both text and 
diagram information. An example is shown in Fig. 1; with 
the spider map audiences can easily recognize the central 
concept and its branch ideas. 
 
 
Fig. 1. A Mindmap example generated using the XMind tool  
The results from this workshop were expected as below: 
 
x A list of complexity drivers 
x A list of relationships among these drivers  
x A Mind-map with key complexity drivers 
x A list of possible solutions to reduce/manage complexity 
In Section 3 more detailed analysis on these results is 
given. 
3. Case studies 
Many fruitful achievements have been gained from the 
workshop and follow-up sessions. In this section we select 
several common cases and present the results.  
As mentioned in Section 2.3, the complexity derived 
from supply chain can be generally classified into several 
categories; hence, our discussion is based on each type.  
For the complexity related to the project management, 
we choose the cases from the key-users management, long-
term goals and re-engineering. For the complexity in the 
design, we explain it with the case of flexibility. And about 
the change management, we illustrate the complexity in the 
product transfer and production ramp-up project.    
For each case, our analysis follows this structure: 
 
 
 
2 https://www.xmind.net/ 
x Problem description and background information 
x Complexity drivers analysis 
x Solution for complex problem and potential  
complexity reduction 
The best practice for Lean Planning (LP) is first 
highlighted, which is a comprehensive example to cover 
three main complexity categories: project management, 
design and changes. The lessons learned are also shared.  
3.1. Best Practice Case: Lean Planning 
Lean principles are universal and have been applied to 
many disciplines to improve results successfully. The 
primary idea of Lean intends to eliminate all the 
intermediate steps, time and people and only keep the parts 
which add value for the customers [9]. 
It is also a trend to apply the leanness to the total supply 
chain [10]. With this background the project of Lean 
Planning was launched. It aims to implement a lean and fast 
volume planning process for its supply chain and 
production.  
The major challenge of this project is that the target and 
idea are too high level to be implemented; in the initial 
phase it is not clear what steps need to be done. This is 
managed by cutting the program into smaller individual 
pieces (sub-systems). However, these “small parts” increase 
complexity as they may have interdependencies among each 
other.  
To cope with the complexity generated in the new 
program, we first analyze the drivers. Using the concept of 
PROS model, we can view the big task as a whole system, 
the small pieces as the system elements, and their 
interdependencies are corresponding to the relationships.  
Complexity is handled from following three 
perspectives:  
1. Manage complexity from project management view  
 
x Clearly define the scope of the project and work 
packages with the alignment of available resources  
x Clearly define the responsibilities and deliverables for 
each sub-project and work package  
x Place the right experts at the right place with clear 
responsibilities. Two teams are set up, the core team has 
experts with broad processes and system knowledge; and 
the extended team includes experts with detailed process 
knowledge 
x Provide a platform for progress monitoring and problem 
exchange  
2. Manage complexity from the design view  
 
x Follow the Top-down approach: start with the high level 
concept; for each level the important questions are 
allocated 
x Generate abstract levels for the details; discussion on 
certain processes is limited to the same level 
x In order to avoid complexity in the early phase, the 
design should not jump into the details and current 
problems quickly 
3. Manage complexity from change management view 
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x Provide adjustable project plan in order to response to 
the unforeseen issues quickly 
x Change the sequence of work package implementation 
according to needs from reality. New work packages 
could be generated here. 
Lessons learned  
In general, to handle the complexity, the key success 
factor is to build the abstract levels of the overall design. 
With such an overview picture, more details of the design 
can be developed later, and various business cases can be 
considered as well. The participants of the project also 
shared some experience:  
 
x It is good to outline all relationships first in order to 
approach the whole picture 
x Complex systems needs to be handled via cutting into 
pieces which is the same story for project management 
x The pieces then have to be handled rather independently 
with some alignments to the other pieces 
3.2. Case on Project Management 
The project management in the supply chain management 
(SCM) has a very extensive concept, concurrently, there are 
many trade-offs when we deal with the complexity.  
 
3.2.1  Clean-up and re-engineering  
 
Complexity is a "cumulative" effect, which is often 
caused by of a lot of isolated and small decisions in the 
past. After close of a project, some intermediate steps or 
decisions are obsolete and should be cleaned up. Failing to 
do so might lead to difficulty to detect bugs and risks and 
maintain the system, the process would be slowed down 
and the system performance thus decreases. 
This requires the system to be “cleaned up” its legacy 
decisions and solutions gradually without affecting user 
functionality.  This is named as reengineering in Software 
Engineering, which can systematically transform an 
existing system into a new form in order to realize quality 
improvements in operation, system capability, and 
functionality, performance at a lower cost, schedule, and 
reducing risk to the customer [11]. 
However, in reality the clean-up is usually short of time 
and budget. How can this be changed?  
In this case, the main complexity drivers are obvious, 
that complexity is caused by the legacy systems. It is 
important to explore more about the deep reasons that why 
the clean-up cannot be done. Some reasons are found: 
people sometimes only focus on the short-term goals and 
urgent deadlines, while the long-term benefits are ignored. 
Another type of potential complexity should be considered 
as well, e.g., when a new tool is introduced to do clean up, 
certain complexity is added.  
   Proposals for complexity reduction: 
 
x Reduce complexity based on the regular reviews and 
clean- up 
x Use disruptive events for reduction, e.g., the system 
upgrade and reorganization 
x Reserve budget run rate for clean-up  
x Be aware of the increased complexity, which must be 
offset reduction elsewhere 
x Have mindset and knowledge on the clean-up and 
communicate in a visible way 
 
3.2.2  Long-term and short-term goals  
 
Complexity increased by short-term operational needs is 
also known as “quick fixes”. Due to many reasons, e.g., 
time pressure, people would rather use short-term solutions 
instead of the proper long-term ones. Experience shows 
people care more about the urgent operational needs than 
standardization. Therefore “Quick fixes” have a tendency to 
remain in use for a long time, even though they might bring 
high risks and uncertainties to the whole system.  
Since it is almost impossible to get rid of short-term 
solutions in operations completely, we can consider 
aligning or integrating them with long-term solutions.  How 
they can be tracked and handled during projects are still 
challenging to us.  
Three complexity drivers are highlighted. From the 
mindset aspect, the consequences of the quick fixes are 
often ignored. The missing target and project roadmap bring 
the difficulties to find the right way to solutions.  Also the 
matrix organization leads to a more complex decision 
making process.  
Proposals for complexity reduction: 
 
x Make transparent decision making process through an 
intervention system 
x Evaluate the impact of short-term solution from the 
whole system view instead of personal benefits via open 
communication 
x Define the project targets in early phase and have 
common understandings on them 
 
3.2.3  Key-user management 
 
Many key-users are involved in the supply chain 
projects. Key users play critical roles in projects and 
operations to reduce existing complexity and to avoid 
increasing complexity. To fulfil this expectation they need 
to have deep process/tool knowledge which spans across 
sites and departments.  
There are some challenges for the key-users and their 
knowledge management:  not all critical departments have 
key-users and there are no clear criteria to define them. 
Sometimes key-users do not have sufficient time or lacking 
influence across departments for projects, which makes the 
project management more complex.  
In such a case, complexity is mainly caused by the 
insufficient knowledge and information; less influence, 
motivation and involvement of key-users. 
Proposals for complexity reduction: 
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x Create a “key knowledge map” to share existing 
knowledge and conduct “key-user network” discussion 
x Encourage process owners to have cross-functional 
knowledge to identify the non-value added complexity 
x Provide the tailored training to the key-users for 
processes and tools 
x Improve the key-users influences and make the key-user 
roles more attractive with organization support 
3.3. Case on Complexity in the Design 
The design of an optimal supply chain is evaluated by 
many indicators. However, some of them conflict with each 
other. For example, a best practice supply chain is supposed 
to gain the minimal complexity and maximum flexibility, 
however, increasing flexibility also means adding more 
capacity and thus complexity is added too; therefore we 
need to balance these indicators and find the optimum.  
It is a trend to have a flexible supply chain towards the 
turbulent market. The concern is how to increase flexibility 
smartly (like late diversification, fast reaction, and stocking 
points) without adding the non-value added complexity. 
And how can we make sure the flexibility which was 
designed as a backup (product or process) but not as 
standard is not misused as a standard? 
The complexity drivers of flexible design can be 
classified as the external or internal ones. For example, the 
environmental factors like legal regulations, catastrophes, 
strikes, competitors could influence the system design from 
outside. The internal drivers, e.g., the budget, resources, 
product customization, IT tools, production strategy can 
also decide the flexibility of a supply chain system. 
Proposals for complexity reduction: 
 
x Collaborate with all influencing factors, e.g., through the 
moderation between departments, the training and 
knowledge sharing among departments and sites 
x Tackle supply chain complexity already in the 
development phase by training and moderation 
3.4. Case on Change Management 
The change of processes and products adds complexity 
and affects the operational systems. For example, to replace 
an old product with new product, the ramp-up and ramp-
down process is executed. Production ramp-up and ramp-
down adds complexity due to many changes involved and 
thus we need to manage this complexity systematically. 
This case aims to answer these questions: what measures 
are needed to reduce the complexity in ramp up and in ramp 
down without losing speed? Who has role models in ramp 
up and in ramp down of products, technologies, software? 
The complexity drivers are classified into three 
categories: customer-driven; product and production driven; 
organization and process. Below they are listed with 
numbers:  
Customer 
1. Customer feedback time  
2. Customer production network is complex and influence 
supplier’s production  
Product and production  
3. Technical complexity of changes and risk  
4. Long life cycle time development 
5. Product design inaccuracy 
6. Product complexity and supply chain complexity 
Organization and process 
7. Number of roles and department involved 
8. One to one transfers do not exist 
9. Technical development 
10. Discontinued product still available in parallel 
11. Number of changes and multiple changes in one project 
12. Complex mater data: the logistics and technical 
information are combined 
Above 12 complexity drivers can be evaluated from the 
perspective of value and feasibility. We categorize them as 
value added or non-value added; topics we can do reduction 
or cannot. The results are shown in Table 1.  
Table 1. Complexity drivers in Product Ramp-up/Ramp-down  
 Value added Non-value 
added 
Complexity can 
be reduced 
11 5, 9,12 
Complexity 
cannot be reduced 
1,2,3,4 6,7,8,10 
 
Proposals for complexity reduction: 
 
Based on the drivers classified in Table 1, we can react 
on the complexity which can be reduced and separate the 
value added complexity from non-value added complexity. 
Here the most feasible and valuable solution is to 
influence the number of changes occurred in one project.  
3.5. Lessons learned 
For the project and change management, some 
experience from practitioners is summarized here:  
 
x Careful with “low hanging fruits” – should keep an eye 
on the more severe problems which are not get 
approached 
x Do not compromise on quality. This is illustrated as a 
triangle in Fig. 2. Comparing with other two dimensions, 
quality is not easy to measure and tends to be overlooked 
and thus leads to server consequences on fixing it in the 
later stage 
x Include iterative user acceptance tests and requirement 
adjustment phase in the project management 
 
Fig. 2. A triangle to balance the quality, time and budget  
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4. Results analysis 
In this part we summarize the analysis results of five 
cases in Section 3 and attempt to find some common 
ground among them. We also try to map the results to the 
conceptual model in Section 2.3. Other related empirical 
work is also referred and compared with our results.  
4.1. The empirical findings  
From above analysis, we believe that complexity is a 
common and rising problem in the area of supply chain.  
To manage complexity, on one side, a holistic solution 
from systematic view is required and system engineering 
methodology is applied; on the other side, the individual 
complexity drivers belong to different categories should be 
analyzed respectively. 
A key issue which we might ignore or did not pay much 
attention is the human aspect and its complexity, but the 
solutions are not very clear yet. The attributes of the 
humans, e.g., the weights, soft skills, experience and 
knowledge should be considered as the influencing factors 
on the complexity reduction. 
It has been underlined that the communication and 
knowledge sharing play important role in the complexity 
reduction of many cases.  
The preliminary complexity measurement can be done 
via the calculation of the size of elements in a system.  
4.2. Interpretation using the PROS conceptual model 
The analysis of complexity drivers is based on the 
description and categories listed in Section 2. From a 
practical view and the feedback of workshop, the drivers 
can be easily detected and mapped into four types of 
elements such as PROS; however, for the relationships 
between these elements, they are not easy to be found at 
first sight, hence more in-depth analysis is needed.  
For some cases, it is noticed that one aspect of the drivers 
could be very dominant, like in the key-users management, 
which is mainly related to the roles, while for the change 
management, it covers all these four drivers. This diversity 
also increases the difficulties of analysis.  
4.3. Comparing with other empirical research results 
There are some other empirical studies on the supply 
chain complexity management. We compare our research 
results with theirs and have some common findings [12]: 
 
x Two steps to cope with complexity: complexity 
management and complexity reduction   
x Product modularizations, which is applied in our LP 
case and design case  
x Information system is a powerful tool to manage 
complexity 
x A conceptual model is built for the empirical 
observation  
5. Concluding remarks and future research 
This paper presents preliminary investigation results of 
the complexity management on the example of a large 
semiconductor company.  
The research is conducted with case studies selected 
from the real world which represent the distinct categories 
of supply chain complexities in daily operations. 
A best practice case covering several major common 
complexity problems in the supply chain is highlighted. For 
each type of complexity at least one case is given and our 
analysis concentrates on the nature of drivers and solution 
exploration. The empirical results are summarized and their 
interpretations can be used to support our hypothesis of the 
conceptual model.  
The limitation of this research should also be noted, that 
most of the analysis is still on the qualitative and strategic 
aspects, and current research only focuses on one company, 
which should be extended to other upstream and 
downstream partners in the supply chain at a later stage.  
In the future research, we will continue to work on the 
complexity reduction in a systematic approach, with the 
goal to distinguish the value-added complexity from the 
non-value-added complexity. One of the most important 
steps is to measure complexity, for this we plan to adopt the 
system modeling technique to quantify the complex system.   
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